September 19th. This date was selected to take advantage of the Puja vacation for a three weeks' honeymoon at the beautiful hill station of Shillong. During this we prepared scale plans for the Hospital for 1 ropical Diseases, for the construction of which I raised the funds. Thus, rather late in life, I had the good fortune to find a perfect companion and helpmate, who unselfishly encouraged me to continue my researches.' They had three sons one of whom became a physicist, another a mathematician, and the third a doctor of medicine. The mathematician, Claude Ambrose Rogers, was, to his father's great joy, elected a Fellow of the Royal Society in 1959.
Schooling and medical education
Rogers's schooling was varied in character, as his father was unable to send all eight sons to good schools, and Leonard suffered accordingly. Until he was eight years of age he was taught by governesses. Thereafter he spent two years at a local school, three years as a boarder in Tavistock Grammar School, and finally five years at Devon County School, of which he had a poor opinion. His eighteenth year was spent at Plymouth College where he studied for and passed the London Matriculation examination, being first in mathematics. He was strongly advised to make a career in this subject, but instead adhered to his early decision to take up medicine and, after nine unsatisfactory months in a Plymouth Hospital, entered St Mary's Hospital, where at last he found himself in a congenial environment. He applied him self in earnest to his studies, working twelve to fourteen hours a day, and quickly made his mark. He won several prizes, including a scholarship in pathology, and was successively Demonstrator of Pathology, of Anatomy, and of Bacteriology. He qualified M.R.C.S., L.R.C.P., in 1891, and in 1892 gained an M.B., B.S.(London), and later in the same year F.R.C.S.(London). During these formative years he developed an absorbing interest in research, and, being advised by two elder brothers who were serving in India that unrivalled opportunities for original work were to be found there, he entered and successfully passed the competitive examination for the Indian Medical Service in 1893. He never regretted his decision to adopt this career.
His subsequent career in outline The Indian Medical Service had two branches, one military, with duties in relation to the Indian Army very similar to those of the Royal Army Medical Corps in the British Army, the other civil, responsible for the health of the civil population. Recruits to the Service, irrespective of their wishes, had in all cases to serve for some time in the military branch before being posted, if they so desired, to the civil branch, where there were greater professional opportunities. Rogers, who applied for the civil branch, had a waiting period of six years, during which time he acted as medical officer to different regiments. There were, however, some important and profitable interludes. Despite the limited facilities at his disposal, he applied himself to the study of the febrile illnesses which were common among the troops under his 262 Biographical Memoirs medical charge, and in 1894, and again in 1895, travelled to Calcutta to read papers on the observations he had made. While in Calcutta he called on the Director General of his Service, and clearly made a good impression, for in the latter part of 1895 he was selected to investigate an epidemic of kala-azar which was at that time devastating Assam. He completed this mission (but without solving the problem of aetiology) in 1897, and shortly after return ing to his unit contracted dysentery, on recovering from which he was granted six months' sick leave out of India. This he turned to good account by studying for and passing the M.D., and M.R.C.P., examinations. Shortly after his return to India he was sent on temporary duty as head of the All India Veterinary Bacteriology Laboratory at Muktesar in the Kumaon Hills, where he worked on the prevention of rinderpest, and on the aetiology and transmission of surra, a disease of camels and horses caused by a flagellate blood parasite, Trypanosoma evansi. In January 1900 he was at last transferred to the civil branch of his Service, and was posted to the Sanitary Depart ment of Bengal. The duties of this appointment did not interest him greatly, but for part of the time he officiated as Professor of Pathology in the Calcutta Medical College. After a further period of home leave, much of which he devoted to a study of the action of snake venom, he was attached to the Calcutta Medical College as acting Professor of Pathology. He was finally confirmed in this appointment in 1911, and held it until he returned to England in 1920. During the twenty years he spent in Calcutta, which was his most produc tive period, he was actively engaged in research. Though officially a pathologist, his interests extended far beyond the confines of the laboratory, and on most days he spent long hours in the hospital wards, examining patients, copying temperature charts, and making voluminous notes on cases which he found of interest. (His notes were in shorthand, which he had taught himself when he was a regimental medical officer with spare time on his hands.) He regarded pathology, not as an end in itself, but as an essential background to accurate diagnosis and effective therapy. He was in fact more experimental physician than pathologist, and made a series of important observations which established the treatment of certain tropical diseases on a firm scientific basis. His energies, however, were not confined to profes sional work. He took a keen interest in medical education, and played a lead ing part in founding the Calcutta School of Tropical Medicine. He fought shrewdly and stoutly for the improvement of conditions in the Indian Medical Service, particularly the military branch, and with a considerable measure of success.
In the latter part of his Indian service he devoted a limited amount of time-usually from 8 a.m. to 9 a.m.-to private practice, generally in a consultative capacity, and found that this afforded valuable experience, not otherwise open to him, in the treatment of various diseases in which he was interested. In fact, some of his private patients were among the first to be treated with emetine. His services were in considerable demand, and the additional income derived from this source was welcome, particularly after his marriage. Towards the end of 1919, however, he found that he was over taxing his strength. He had had no home leave for eight years, and only one brief local leave. He began to have dysenteric symptoms, and feared the onset of sprue. He went before a medical board early in 1920, and was granted one year's sick leave out of India, at the end of which he retired from the Indian Medical Service.
Taking up residence in London in 1921, he was appointed lecturer in Tropical Diseases in the London School of Tropical Medicine, and held this post until he reached retiring age. In 1922 he became a member of the India Office Medical Board, and in 1928 was elected its president and medical adviser to the Secretary of State for India. This office he retained until 1932, when on retirement he was given the honorary rank of Major General. He remained in London until his wife died in 1951, then returned to his native Cornwall, where he spent the remaining years of his life. Throughout his retirement he remained active, both physically and mentally. One of his major tasks was founding and guiding the activities of the British Empire Leprosy Relief Association. He did yeoman service as honorary treasurer, and during the war years as combined honorary secretary and treasurer, of the Research Defence Society. He became deeply interested in the epidemiology of the major tropical diseases, and in particular in the forecasting of potential epidemics so that measures could be adopted to prevent their onset or lessen their severity. He published many papers on this subject. He wrote books on C h o l e r a, on Leprosy (with E. advances in tropical medicine (with J. W. D. Megaw), all of which ran into two or more editions. On a different plane he produced a propaganda booklet, The truth about vivisection. His autobiography Happy toil was published in 1950.
He died on 16 September 1962, in his 95th year.
W ork on the fevers of India
At the time when Rogers began his career in India, fevers of unknown aetiology, some brief, some of long duration, were of common occurrence, and immediately became to him a source of absorbing interest. Among this heterogeneous group, malaria alone could be diagnosed with certainty: clinically by the characteristic temperature chart, and microscopically by the recognition of the blood parasites, some of which had been described by Laveran in 1880, others by Italian workers in subsequent years. Strange to relate, no malaria parasites were demonstrated during the Netley Army Medical Service Course which Rogers attended in 1893, and the first time he, and many of his Indian Medical Service colleagues, saw malaria parasites was when the president of the first Indian Medical Congress in Calcutta demonstrated specimens he had brought from Italy. Returning to his regiment from this congress, Rogers acquired a microscope and set about examining blood smears from cases of fever occurring in his regiment. He worked with unstained films fixed with osmic acid-for none of the refined 264 Biographical Memoirs staining techniques had then been devised-and taught himself to identify the different forms of parasite. The role of the mosquito as intermediate host had still to be discovered, and in an attempt to explain the prevalence of malaria in certain seasons he made regular observations of rainfall, watertable level and ground temperature. He found a close relationship between rises in the level of the water-table and increased incidence of malaria, evidence which seemed to him to support the earlier theories attributing malaria to miasmic influences. These observations were made the subject of a paper read before a medical gathering in Calcutta in 1895, and although his conclusions were later proved to be wrong-the real explanation of the undoubted relationship between ground-water level and malaria incidence being the increase or decrease of the number of pools available for mosquito breeding-his enthusiasm and obvious ability made its mark and paved the way for further opportunities.
In 1900, when he began his work in Calcutta, it was generally held that typhoid fever, though of common occurrence in Europeans, was rarely encountered in native Indians. Past experience of a case of typhoid fever in an Indian soldier in Lucknow made him very sceptical of this assumption, and in 1901, when the pathological laboratory in Calcutta was for the first time supplied with bacteriological apparatus, he made use of the recently discovered Widal reaction to test the serum of patients with continued fever, and in the course of four months verified the occurrence of typhoid fever in 11 Indian patients in the Medical College Hospital. His findings were soon confirmed by others, and one variety of continued fever was thus positively identified.
Another type of continued fever, kala-azar, played so important a part in his researches that it must be given detailed consideration.
Infection with the filarial worm, Wuchereria bancrofti, was a well-known cause of prolonged intermittent fever for which no satisfactory remedy was known. Impressed by the observation made by J. B. Christopherson in Sudan that tartar emetic was lethal to another worm, Schistosoma haematobium, Rogers decided to try the effect of this drug on cases of filariasis, and got results of considerable promise. However, his incomplete observations were permanently interrupted by his departure from India. Though his findings have subsequently been fully confirmed, this method of treatment has for several reasons been found to have a limited application.
The differentiation of amoebic hepatitis-the febrile phase preceding hepatic abscess-was another very important contribution to the unravelling of the tangle of continued fevers which will be discussed in its appropriate context.
In the realm of short fevers he had less success, but this is not surprising, as it is now known that the majority of these fevers are virus infections which cannot be satisfactorily differentiated on clinical grounds. He described epidemic dengue fever, which probably did occur; sporadic dengue, which almost certainly was not dengue; and pappatacia or sandfly fever, which 266 may or may not have been classical sandfly fever. Fifty years later, and with modern techniques, this subject still presents many problems to be solved.
R esearches on diseases of animals
In 1899 Rogers was seconded from the Indian Medical Service for a year to become acting head of the All India Veterinary Bacteriological Labora tory situated in Mukhtesar in the Kumaon Hills. His first task was to test the suitability, under Indian conditions, of immunizing methods devised by Koch in South Africa for the prophylaxis of rinderpest, one of the most serious of cattle diseases in India as in Africa. Koch's method combined passive and active immunization. He injected into one flank a quantity of high titre immune serum taken from an animal which had recently recovered from an attack of rinderpest, and into the opposite flank a quantity of infected blood taken from an animal in the acute stages of the disease. This produced a modified mild attack, after which the inoculated animal was immune. Because Indian cattle vary greatly in size, Rogers had difficulty in estimating the quantity of immune serum which would give adequate protection with out completely neutralizing the virus in the infected blood, but found a way of overcoming this by giving a second dose of infected blood to all animals which did not show a reaction within a week of the first. A preliminary small-scale field trial of the materials he had prepared gave good results, and in the following months of May and June-with a day temperature of 115 °F in the shade-he spent 3 weeks in two heavily infected districts in the United Provinces, travelling from village to village in small springless carts, and inoculating animals from daybreak until sunset. On one rather exceptional occasion he and his assistant started out after dinner one evening, travelled 20 miles on a fairly good road to their destination, slept from 12.30 a.m. to 4.30 a.m. then worked through the villages until noon, and again from 1.30 p.m. to 6 p.m. thereafter driving back to their headquarters which they reached at 10 p.m. The results of this major trial were rewarding. In about 500 inoculated animals in the infected villages not one developed rinderpest after the incubation period of 4 days, while in uninoculated animals about half became infected and 50 per cent of these died.
His most important observation during his tour of duty in Mukhtesarone which has been repeatedly confirmed, yet for which he is rarely given credit-was the discovery that Trypanosoma evansi, the flagellate which causes surra in camels and horses in India, is mechanically transmitted from animal to animal by biting flies of the family Tabamidae. He demon strated this by catching horseflies and allowing them to feed on an animal, suffering from surra, in whose blood were numerous T. evansi. After varying intervals of time these flies were allowed to bite a healthy dog or rabbit. In every case where this interval was more than a day, trypanosomes were not transmitted to the experimental animal, nor could developing forms of any kind be demonstrated in dissected flies. When, however, flies which had been fed on the infected animal, and preferably interrupted in their meal, were at Biographical Memoirs once allowed to bite the experimental animal, infection developed after the usual incubation period. Clearly the trypanosomes had been conveyed from one animal to the other on the proboscis of the fly. The fact that surra was transmitted by biting flies emphasized the resemblance between this disease and nagana (African cattle trypanosomiasis). In Africa Major Bruce (later Sir David Bruce, F.R.S.) had recently showm that the trypanosome which causes nagana, and which is transmitted by tsetse flies, occurs as a symptomless infection in big game. Impressed by the significance of this observation, Rogers injected T.evansi into cattle, sheep, and go that he could produce an analogous symptomless infection in these animals, thus showing that they could act as reservoirs of infection in the same way as big game does in East Africa. The importance of Rogers's findings was at once obvious to Bruce, and at his instigation Rogers submitted a paper describing his experiments for publication in the Proceedings of the Royal "
Snake venoms
In 1901 Rogers was stationed for some time in Puri, and became interested in the action of the venom of the sea-snakes which inhabit the coastal waters there. These frequently become entangled in the nets of the local fishermen and from time to time, if unnoticed, bite the unwary captor with serious and perhaps fatal consequences. With the possibility of future research in mind (for at that time little was known about snake venom) he had a tank constructed on the beach and arranged with the fishermen that they should put whatever snakes they caught into it. He found that the snakes were of more than one species, and collected samples of venom from each by making them bite through a thin membrane stretched over the open mouth of a wine-glass, and drying the clear fluid which was ejected. Preserved in this way, the venom retained its potency more or less indefinitely. A year later he was able to make some preliminary experiments in the laboratory of the Zoological Gardens in Calcutta, comparing the action of the sea-snake venoms with that of cobra venom. A period of nine months' home leave in 1903 gave him further opportunity to pursue this work in the laboratory of Professor A. D. Waller, F.R.S., at the Imperial Institute, where he was able to add to the range of venoms he had brought from India those of the African puff adder and the American rattlesnake. He first confirmed-as he had demonstrated less conclusively in Calcutta-that sea-snake venom caused death by paralyzing the respiratory mechanism in the same way as does cobra venom. Later he found that the venoms of the king cobra and the common krait had a similar action, while that of the banded krait produced both respiratory paralysis, and a marked fall in blood pressure. This latter feature he then showed to be characteristic of viperine venoms as a class. He made the interesting discovery that when the venom of Russell's viper was injected in large doses into small laboratory animals it immediately produced intravascular clotting and death from cardiac failure, this presum ably being the sequence of events when the viper seizes in its mouth the small animals which are its normal food. On the other hand, when relatively small doses of viperine venom were injected into larger animals, death did not ensue for two or three days: in contrast to the rapid intravascular clotting which occurred in small animals, there was a complete loss of coagulability of the blood, resulting in extensive haemorrhages. He showed that in large animals circulatory failure without clotting was caused by all classes of viperine venoms, and resulted from paralysis of the vasomotor nerves, so that the animal in effect bled to death into its own veins. Vasoconstrictors such as adrenaline had in some cases a beneficial action.
Certain experiments in treatment with an antivenine prepared by Calmette gave results which Rogers did not consider promising, and he explored the possibility of destroying the venom locally by means of oxidizing agents such as permanganate of potassium, a line of treatment which had already been tried with inconclusive results by Sir Joseph Fayrer and others. He used an instrument devised by Sir Lauder Brunton, a small tube carrying a sheathed lancet at one end and a container for permanganate crystals at the other, of a size which could be kept in a convenient pocket and so be available at a moment's notice. At Lauder Brunton's request Rogers made some experiments on cats, injecting venom, applying a tourniquet to the limb above the point of injection, making a small incision with the lancet, and rubbing in crystals of permanganate mixed with a few drops of water. He found that he was able to save animals injected with from 2 to 10 times the lethal dose if permanganate was applied within 2 to 5 minutes of the injection in the case of cobra venom, and within 10 minutes in the case of the venom of Russell's viper. In the only human case of snake bite which Rogers himself was able to treat in this way, the patient had no serious symptoms and survived. As most of his subsequent service in India was in urban surroundings he had no real opportunity to pursue this subject further. The sine qua non if this treatment is to be successful is of course early application, and this limits its practical usefulness.
K ala-azar
Rogers first became acquainted with kala-azar (black fever) in 1896, when he was sent to investigate an epidemic then ravaging Assam. This disease-characterized inter alia by prolonged fever, severe anaemia and wasting, a grossly enlarged spleen, and a dark coloration of the skin-was first reported from the west of Assam in 1872, and slowly spread eastwards along the southern bank of the Brahmaputra. By 1896 it had reached Nowgong, and here Rogers decided to establish his headquarters. Some idea of the severity of the epidemic is to be gained from the figures in two censuses, one taken in 1891, the other in 1901. In this period of ten years the population of Assam decreased by 31-5 per cent, whereas in two adjoining districts, unaffected by kala-azar, there was a population increase of 10 per cent in one and 16 per cent in the other. When Rogers began his investigations, the theory that kala-azar was an atypical form of malaria was firmly held by some 268 Biographical Memoirs and as firmly rejected by others. An alternative suggestion was that it was related in some way to a heavy infection with a parasitic worm, Ancylostoma duodenale, but Rogers had little difficulty in disposing of this concept. In his search for a causative organism he examined large numbers of blood smears and found that the majority contained malaria parasites, and also showed a very low leucocyte count. He administered standard anti-malaria treatment to a series of cases of fever, all harbouring malaria parasites and all, from their signs and symptoms, potential early cases of kala-azar. Some were cured; others, despite the treatment, went on to develop typical kala-azar. From these and other observations he found himself somewhat reluctantly forced to the conclusion that kala-azar was, in fact, an unusual and resistant type of malarial infection, but it is noteworthy that in his report he added 'it is open, however, for anyone to say that there is something in the disease additional to malaria, which I have not discovered, but which accounts for the spread of the infection.' He spent much time investigating the epidemiology of the disease, and to do this travelled widely through Assam and certain adjoining districts, covering over 150 miles on foot to visit the jungle villages where the disease was prevalent. In the course of this investigation he amassed evidence which showed clearly that the striking range of the infection was very limited, as fresh cases of the disease occurred only in those who had slept in a house which had been occupied, either at the time they fell ill, or shortly before this, by a kala-azar patient. While working on the incidence of the disease among the coolies in the tea-gardens, he had the co-operation of Dr DoddsPrice, who was medical officer to a number of these estates. He found that, unwittingly, a very interesting experiment had been performed. Some time previously a batch of 200 newly-recruited coolies had come to one of the estates. Dodds-Price, believing kala-azar to be contagious, had quartered 150 of these incomers in newly-constructed huts some 400 yards from the old lines in which cases were occurring, but through lack of accommodation had perforce to house the remaining 50 in the infected lines. Rogers suggested to Dodds-Price that he should ascertain the incidence of kala-azar in these two groups, and it was found that, in approximately two years, no cases had occurred in the 150 coolies in the new lines, whereas 8 cases (16 per cent) had developed in the 50 men living in the infected lines. Based on his observations Rogers proposed as a prophylactic measure-applicable mainly to coolies working under discipline-that new quarters should be built at least 200 yards from infected lines, and that all healthy people from infected lines, except those from huts where there were known cases of fever, should be moved to the newly-built quarters. This measure was attended by great success wherever it was adopted. Writing at a later date he quotes the follow ing example. O f 240 people living in a group of infected dwellings, 144 either suffered from kala-azar or had cases in their households. The remaining 96 were moved to new quarters, but shortly afterwards five developed symptoms and were sent back. From time to time newly-recruited coolies were drafted into these new huts, but over a period of 10 years no case of kala-azar occurred there.
Rogers's conclusion that kala-azar was a slowly spreading epidemic form o f malaria was disproved some six years later, but, as he somewhat ruefully writes, he was at the time firmly supported by Ronald Ross, who proved his point by means of a mathematical equation. After a year in Assam, Rogers returned to his regiment.
In 1903, Major Leishman (later Sir William Leishman, F.R.S.) reported that in 1901 he had found small bodies of characteristic structure, which he believed to be some form of parasite, in a spleen smear taken at autopsy from a British soldier invalided from Dum Dum, near Calcutta, suffering from prolonged fever known, for want of a more precise name, as 'dum-dum' fever. Shortly afterwards Major C. Donovan, I.M.S., recorded that, a month before Leishman's paper appeared, he had found similar bodies in a spleen puncture from a patient in Madras General Hospital. Neither Leishman nor Donovan, however, suggested any relationship between the bodies they described and kala-azar. Leishman thought that they might be degenerated trypanosomes. Donovan's smears, showing parasites of similar morphology, were made from ante-mortem spleen punctures, thus disproving the sugges tion of degeneration. He too considered they were related in some way to trypanosomes, so that both Leishman and Donovan came very near to the truth. In 1904 Rogers had an opportunity to examine spleen smears from cases of fever in the Ranisankal district with symptoms resembling those of the kala-azar patients he had seen in Assam, and had no difficulty in identifying in them the so-called Leishman-Donovan bodies. He then obtained from Dodds-Price in Assam spleen smears from unequivocal cases of kala-azar, and in these also he found numerous Leishman-Donovan bodies. He had no hesitation in concluding that these were the parasites which caused kalaazar. Although Rogers made these observations independently, Dr C. A. Bentley, also working in India and pursuing a similar line of investigation, reached the same conclusion. Bentley reported his findings by cablegram to Ronald Ross, then on the staff of the Liverpool School of Tropical Medicine, and Ross immediately wrote a brief letter to the British Medical Journal recording this discovery. This was published some months before Rogers's detailed paper and established on Bentley's behalf a claim to priority.
Although the problem of the aetiology of kala-azar was solved, Rogers remained puzzled concerning the role of the malaria parasite which in his earlier investigations he had found present in most of the cases of kala-azar he examined. A visit to Assam enabled him to find out where he had been misled. An examination of blood smears taken from symptomless and apparently healthy coolies revealed the fact that, as had previously been reported by Robert Koch from West Africa, between 80 per cent and 90 per cent of these indigenous inhabitants of a highly malarious area harboured detectable malaria parasites. Host and parasite had however achieved a state of balance, and the presence of the parasites in blood smears had no clinical significance.
Rogers next attempted, but without success, to culture infected spleen blood, mixed with citrate, in an incubator at a temperature of 37 °C. Remembering that trypanosomes in citrated blood died quickly at 37 °C, but remained alive at 22 °C, he applied this principle to the leishmania parasites. Adding sufficient lactic acid to acidify the cultures, he kept the test tubes at room temperature, and was rewarded by getting active multiplication and a further development of the oval parasites into elongated forms with terminal flagella. He rightly assumed that such development occurred in some blood-sucking insect which acted as vector, and, taking account of the very limited range of spread from one case to another, sug gested that the bed-bug, whose habits fitted exactly into this pattern, might be the carrier. However, experiments which he made to substantiate this hypothesis were completely negative, and, realizing that his knowledge of entomology was inadequate, he did not pursue this matter further. It was not until 1924 that the sandfly Phlebotomus argentipes was identified as the probable vector, and eighteen more years passed before, in 1942, Col. H. E. Shortt, F.R.S., and his colleagues successfully transmitted infection to human volunteers by the bite of infected insects of this species.
His final contribution to the subject of kala-azar was to discover an effective method of treatment. At one time he had advocated quinine (as reported in his Milroy Lectures) but the results of this treatment left much to be desired. Having in mind the close relationship between the leishmania parasites and trypanosomes, he argued that drugs which had a beneficial action in trypanosomiasis might act in a similar way in kala-azar. In September 1914 he prepared sterile ampoules of solutions of tartar emetic to test this theory, but an unfortunate combination of circumstances led to the withdrawal of the hospital beds at his disposal, and it was not until May, 1915 that they were restored and he was able to make the trials. Within a few weeks he had satisfied himself that this treatment was successful. He was somewhat chagrined when news reached India in June 1915 that his independent discovery had been anticipated by two Italian doctors, working on the infantile form of kala-azar which occurs in Sicily; their results were published in February 1915. In India Rogers's findings were soon confirmed by others, and tartar emetic became the standard treatment for kala-azar. Antimony is to this day the drug of choice, though it is now usually given in the form of one of its pentavalent salts rather than as trivalent tartar emetic.
A moebic dysentery and amoebic abscess of the liver
Until the end of the nineteenth century, when Shiga identified one dysentery bacillus and, two years later, Flexner described another, amoebic and bacillary dysentery were not differentiated, and diarrhoea with stools containing blood and mucus was generally believed to be caused by infection with the amoeba described by Losch in 1873 and now known as Entamoeba histolytica. Dysentery was rife in Calcutta when Rogers went there and he had no difficulty in confirming the bacteriological findings of Shiga and Flexner, and, by studying material from fatal cases, was able to describe distinctive bowel lesions in amoebic and bacillary infection. Prior to the differentiation of the two types, ipecacuanha was used indiscriminately in the treatment of all cases of dysentery, but Rogers found evidence to suggest that it would be of most value in amoebic infections, and duly confirmed that this was so, and that, while amoebic dysentery was cured by this drug, bacillary dysentery was not. However, as his experience widened, he found that ipecacuanha had many shortcomings, and failed to eradicate infection in a considerable proportion of cases, mainly because of its emetic action. To overcome this difficulty he decided to try the effect of emetine, one of the alkaloids of ipecacuanha, which had been shown to have a lethal action on free-living amoebae. Emetine was not at that time manufactured by any of the pharmaceutical firms, and he had to look for it elsewhere. With some difficulty he located a supply among the stocks of a manufactur ing chemist, and purchased one drachm for a guinea. Beginning cautiously with small doses, he found that as he had hoped emetine was effective in curing amoebic dysentery, and was much less liable to produce side-effects than crude ipecacuanha. Some of the first cases to be given this new treat ment were his private patients, one being a wealthy Mahomedan who had suffered from dysentery for two years and was reduced to a skeleton. He showed immediate improvement and in a few months regained his normal weight. Later he expressed his gratitude by presenting 10 000 rupees to the fund raised by Rogers to build and equip the Tropical Diseases Hospital in Calcutta. Emetine gradually came into general use and, like antimony in kala-azar, still holds a leading place among the drugs used in the treatment of amoebic dysentery.
Equally important was his work on the aetiology and treatment of amoebic abscess of the liver. Some association between dysentery and liver abscessthe so-called tropical abscess-had long been suspected. In 1887 Kartulis in Egypt found amoebae in sections of the wall of a liver abscess, and some ten years later Lafleur and Councilman made a similar observation, and attributed the suppurative reaction to the direct activities of the amoebae. Yet these findings were looked on with considerable scepticism, mainly because amoebae were but rarely found in pus evacuated from the abscess cavity, and at the time when Rogers began to work on this subject the role of the amoeba in causing tropical abscess was regarded as unproven by the leading authorities. Soon after he went to Calcutta he turned his attention to this problem, and in one of the first cases he investigated found active amoebae in a scraping taken from the wall of the abscess at the time of operation. Enlisting the co-operation of his surgical colleagues, he obtained, from a series of cases, fresh specimens of pus from the cavity of the abscess and scrapings from the wall. Active amoebae were present in 4 out of 22 specimens of pus, and in 35 out of 37 scrapings, evidence which convinced even the most sceptical. There was, however, another well established fact which called for explanation. Many reliable observers had recorded the occurrence of tropical abscess in patients with no previous history of dysenteric symptoms and in whose faeces neither amoebae nor cysts could be detected. In an attempt to find the reason for this apparent anomaly Rogers compiled data from a large series of autopsy reports filed in the Pathology Department of the Calcutta Medical College Hospital, and found that, in two-thirds of those who had died from tropical abscess of the liver, bowel lesions were present only in the caecum and ascending colon and were too limited in nature to have given rise to symptoms. The sum of his findings removed all doubts concerning the causation of tropical abscess, but if further confirmation were necessary, it was provided by the results of the treatment which he devised.
In the course of his investigations into the causation of liver abscess, he noted that, following the open operation which was then the standard surgical treatment, the draining abscesses almost invariably became infected with pyogenic organisms, a complication which greatly delayed healing and indeed often had fatal consequences, the mortality rate in Calcutta being at least 60 per cent. As an alternative, he advocated that wherever possible open operation should be avoided, and that the abscess should be aspirated, repeatedly if necessary, by means of a trocar and canula, a method which had in fact been the practice before the introduction of antiseptic surgery. He further recommended that, following aspiration of the pus, the abscess cavity should be filled with a weak solution of quinine, and that the patient should subsequently be given a full course of treatment with ipecachuana (for this recommendation was made before the introduction of emetine). However, he met with unexpected difficulties in getting surgeons to try this line of treatment and at that time he had no hospital patients under his own care. The first attempt to use the method under Rogers's guidance was made in 1902 by a private medical practitioner, but was unsuccessful, as repeated punctures failed to strike the abscess. In 1906 two cases were treated success fully by one of his Indian Medical Service colleagues, and thereafter the method became more popular. In 1910 he recorded 19 cases treated in this way, of which 16 survived. Later a much more extensive trial was made by another Indian Medical Service colleague, who was able to compare the results of previous open operation cases with those treated by Rogers's method. Among open operation cases the mortality was 40 per cent (43 • 75 per cent in those receiving no anti-amoebic treatment and 30-77 per cent in those given ipecacuanha or emetine), while among 48 cases treated accord ing to Rogers's plan the mortality was only 23 per cent. From certain observations made during the treatment of these cases it was concluded that the injection of quinine into the abscess cavity served no useful purpose, and this was given up, but Rogers strongly emphasized the importance of administering a course of emetine or ipecacuanha. As a further refinement he devised a flexible canula which could be left in situ to establish continuous drainage. Although satisfactory, this gave no better results than aspiration repeated where necessary, and the method was abandoned. The results in this last series of cases satisfied all sceptics, and aspiration combined with the administration of an amoebicidal drug became, and remains, the method of choice in the treatment of tropical abscess.
Rogers had yet another contribution to make on the subject of amoebiasis. Among the many cases of prolonged fever which he investigated, he noted that a certain number-usually European patients-ultimately developed tropical abscess. He further observed, from the careful and detailed records which he kept, that these pre-abscess fever cases had an unusual type of leucocytosis. Whereas in the leucocytosis associated with pyogenic infection the polymorphonuclear cells are largely if not wholly responsible for the increase in the total count, in these cases all types of leucocytes were pro portionately increased in number. He argued, rightly as we now know, that this blood picture associated with prolonged fever might be indicative of amoebic infection of the liver prior to massive abscess formation. In a series of 1350 consecutive fever cases he found this unusual leucocytosis in 15, and all became afebrile after a week's treatment with ipecachuana. A new clinical entity, which has been named amoebic hepatitis, and which can now be confirmed by radiological methods, was thus established. Its peculiar impor tance lies in the fact that the diagnosis of this condition points the way to a method of treatment which can be expected to produce rapid radical cure.
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Cholera
India is the home of cholera, which is endemic throughout the year in certain parts of the country, particularly in lower Bengal. From these reservoirs of infection it may spread in the epidemic season throughout India and in pandemic years throughout the inhabited countries of the world. Cholera is caused by infection with a vibrio, discovered by Koch in 1883, and has as its cardinal symptom a vast outpouring of thin opalescent fluid into the lumen of the bowel. This rapidly dehydrates the victim and unless checked may be fatal in a few hours. There is, however, no extensive destruc tion of tissue, and those who survive are soon restored to their normal state of health. The most terrifying feature of the disease is the suddenness with which it strikes and the rapidity with which it develops, so that in a single day a whole family may be wiped out. Because of this extremely rapid course, drugs have proved of little avail in its treatment.
Early in his Indian service Rogers made acquaintance with cholera in an outbreak in a British regiment in Lucknow, which caused ninety deaths in three weeks. However, he had no real opportunity to study this disease until he went to Calcutta, where he was fortunate in having the co-operation of his friend Major (later Major-General Sir John) Megaw, then resident physician at the Medical College Hospital and in charge of the cholera wards. Together they were able to exploit the many ideas born in Rogers's fertile brain. He first turned his attention to the blood picture, and in a series of examinations in advanced cases found that the average number of red blood corpuscles was increased from five million to as much as eight million per cubic millimetre, with a corresponding increase in the specific gravity of the blood. For estimating the latter he perfected a simple and ingenious technique. By mixing calculated quantities of glycerine and water he prepared a series of fluids of different gravities, ranging from a few points below that of normal blood to several points above. Small narrow bottles filled with these solutions, each labelled with the gravity of the contents, were fitted in a wooden box which could be taken to the patient's bedside. To carry out the test, a drop of blood was gently expelled from a pipette some distance below the surface of the fluid in each bottle. The gravity of the patient's blood was that of the contents of the bottle in which the drop neither sank nor floated, but remained suspended. This simple test proved invaluable for making a rapid but accurate estimate of the concentra tion of the blood.
His first systematic work with Megaw on the treatment of cholera began in 1905, when they tried the effect of intravenous injections of normal saline, a form of therapy which had been explored at an earlier date, but had been found of no real value. Rogers believed that these previous failures might have been due to the injection of insufficient quantities of saline, and gave three or four pints, repeated if necessary. The results, however, were dis appointing, and the mortality rate was not dramatically reduced, being 51-2 per cent in a series of cases as compared with an average of 59 per cent in the previous eleven years. Pondering over this unsatisfactory outcome, he conceived the idea that the injection of hypertonic saline might help to prevent fluids leaking from the vascular system. He accordingly increased the amount of sodium chloride in the transfusion fluid from 60 grains to 90 grains, and later to 120 grains per pint, with the gratifying result that in the first small series of cases so treated the mortality was reduced to 27 per cent. Studies of blood centrifuged in a haematocrit revealed a much greater loss of fluid than had been assumed, and by correlating haematocrit readings with gravity tests, he was able to formulate rules for the estimation of the approxi mate quantity of fluid required and the rate at which it should be administered. In some cases he found that it was necessary to give as much as 7 pints in half an hour, a much greater volume than had previously been considered necessary or indeed advisable.
In spite of these heroic measures, the mortality was still considerable. In many fatal cases one of two symptoms predominated-hyperpyrexia or, following the collapse period, renal failure. As regards the former, Rogers made the important observation that, whereas the axillary temperature of an acute case of cholera might be relatively low, the rectal temperature was usually high. To combat this hyperpyrexia he administered intravenous saline, not at blood heat, but at room temperature, which averaged about 80 °F during the cholera season in Calcutta. As a further means of preventing fever, which he attributed to the action of toxins produced by the cholera vibrio, he devised a pill, to be given by mouth, consisting of finely powdered permanganate of potassium mixed with kaolin and vaseline. He hoped that the permanganate would be slowly released from this pill as it passed along the gut, and would oxidize and destroy the toxins. Evidence that the pills might have some beneficial effect was afforded by the results of trials in outlying villages where the administration of intravenous saline was imprac ticable, and where treatment with the pills alone produced a substantial reduction in the mortality rates (60 per cent to 22 per cent in one series of cases, and 51-64 per cent to 35-57 per cent in another where the total number of cases amounted to approximately 16 000). Others, however, have been unable to confirm these findings.
The second grave complication-renal failure and anuria supervening after recovery from the collapse phase-proved a more difficult problem to solve. A clue to its possible cause was provided by an American physician, who found that in post-choleraic uraemia the alkalinity of the blood was below normal, and that by adding sodium bicarbonate to the saline trans fusion fluid the mortality was reduced. Megaw, however, was unable to confirm this, and found that, once signs of post-choleraic uraemia had developed, the fatal outcome was not averted by the intravenous administra tion of alkalis. In 1914 Rogers had an opportunity to study this problem, and observed that in all severe cases of cholera the alkalinity of the blood was reduced, and that to avert kidney failure this low alkalinity had to be counteracted at an early stage in the disease. He therefore, as a routine measure, added sodium bicarbonate to the first transfusions of hypertonic saline. In a three years' series, in which all patients were treated in this way, the incidence of post-choleraic uraemia was 70 per cent lower than it was in a similar number of cases treated in the years immediately preceding the introduction of this modification.
The net result of all these measures was a reduction of the mortality rate of cholera to about one-quarter of the previous figure. Where patients could be efficiently treated and nursed in a well-equipped hospital, and particularly if treatment was started at an early stage, this long dreaded disease was robbed of most of its former terrors. Though others played a part in evolving these methods, Rogers's carefully controlled investigations and authoritative publications were mainly responsible for establishing their authenticity and bringing them into general use. 276 Biographical Memoirs
Leprosy
The treatment of leprosy was a subject of lifelong interest to Rogers. At the beginning of the century the only medicament known to have any thera peutic action-and that a very limited one-was chaulmoogra oil, extracted from the seeds of a tree indigenous to Burma, Teraktogonos kurzii. This oil, though not actually emetic, is extremely nauseating, and most patients refused to take sufficient of it to be of much value. A fatty acid extracted from chaulmoogra oil, gynocardic acid, proved to be less nauseating and more effective than the whole oil, and Rogers used this to treat some cases with a certain degree of success. In 1912 he wrote to a firm of manufacturing chemists asking if they could prepare a soluble preparation of gynocardic acid suitable for injection, but the reply was in the negative. In 1915 he again explored this possibility, and with the help of the Professor of Chemistry of the Medical College in Calcutta, prepared the sodium salt of gynocardic acid, which he injected subcutaneously in a 3 per cent solution. This produced only slight local induration and pain, and gave results which he considered to be better than any he had previously achieved. Further and more extended trials, in some of which the drug was given by the intravenous route, revealed a breaking down of the lepra bacilli into 'small red dots', which he regarded as convincing evidence of the efficacy of the treatment. Next, with the help of a chemist paid by the Indian Research Fund Associa tion, Simla, he explored the therapeutic properties of an oil, very similar to chaulmoogra oil, obtained from the Indian tree Hydnocarpus wightiana. This work, which occupied 2 | years, led him to conclude that salts of the lower melting-point fatty acids of Hydnocarpus oil were less irritating and therapeutically more effective than anything he had tried previously, and on his advice a British pharmaceutical firm arranged to produce and market a preparation of this kind. Rogers did not claim that any of these various com pounds could be regarded as a certain and permanent cure for leprosy, but an analysis of some 51 cases which he had treated for three months and upwards showed that good results, though of varying degree, were obtained in 80 per cent of the patients. Following the publication of his findings, Hydnocarpus oil, processed in different ways, was widely used in the treatment of leprosy until superseded by the sulphones, which were introduced after the second World War. It is in fact still preferred by some leprologists. In all this work he had the close co-operation of his friend and colleague, Dr Ernest Muir.
As his experience widened it became increasingly clear to Rogers that it was of paramount importance to start the treatment of leprosy in its earliest stages: established cases were notoriously resistant, while early cases usually responded well. He considered that the segregation systems pursued in many countries had a baleful result, for the fear of being branded a leper was so great that victims of the disease often concealed their condition as long as possible and did not seek treatment until the infection was firmly established, when there was little hope of significant improvement. He became convinced that leprosy was not highly contagious, and that children and adolescents were far more susceptible than adults. As a logical sequence to these convic tions he decided that the most effective way of controlling leprosy was to take the initiative, and to seek for and treat early infections, particularly among children and adolescents in families in which adults were already victims of the disease. These ideas provided the stimulus for what may perhaps be regarded as his greatest contribution to the conquest of leprosy the foundation of the British Empire Leprosy Relief Association. This came into being in 1924 with an influential board of management in which Rogers was the moving spirit and, officially, the Honorary Aledical Secretary. He played a leading part in raising the funds required by the Association, and in formulating its policy. Briefly, this aimed at collecting and disseminating as widely as possible all information relating to the diagnosis and treatment of leprosy, at encouraging research, and at helping to provide for the care and treatment of lepers wherever such help was needed with the overriding principle that the stigma once attached to the disease should be forgotten, and that the patients should be treated with all humane consideration. Though his more active participation in the affairs of the Association came to an end when he left London in 1951, he maintained a keen interest in its progress until the end of his life. In 1910 , stimulated by a letter in a Calcutta newspaper calling for the formation of a research institute in Shillong, Rogers conceived the idea of establishing a School of Tropical Medicine in Calcutta. He at once threw himself actively into the project and set about raising the necessary funds, a task entirely after his own heart. Four months after the proposal was mooted, he had persuaded the Government of India to agree to it in principle, and by one means and another had raised a considerable sum of money, partly from official sources, partly from business concerns. After many frustrations and disappointments a site was finally obtained, and in February 1914 the foundation stone of a three-storied teaching and research laboratory was laid. Rogers's next battle, bitterly waged, was for a full-time professional staff. This was only partly successful, though sufficiently so to justify making a beginning. Finally came the question of finding money to build a properly equipped Tropical Diseases Hospital. Realizing that official sources had been drained dry, Rogers obtained permission to make a public appeal, set about approaching potential donors with characteristic energy, and within a month collected over a lakh of rupees, mainly from Indian subscribers. However, public interest then flagged, and it was not until 1916 that a sufficient sum was raised to allow building to be started. Ultimately, by playing off one section of the community against another, he obtained enough not only to finish the hospital but to provide the salaries of the research staff'. Rogers was nominated the first director of the Calcutta School of Tropical Medicine and Hygiene but unfortunately had to leave India a few months before it was opened in 1920. Appropriately, the appointment went to his associate and life-long friend, Sir John Megaw. Rogers's bust stands in the hall of the Calcutta School of Tropical Medicine, and his name is venerated there to this day.
Life in England after retiring from the I ndian M edical Service
After retiring from the Indian Medical Service in 1921, Rogers was appointed Lecturer in Tropical Medicine at the London School of Tropical Medicine, and was allotted-not without difficulty-some beds in the Hospital for Tropical Diseases in Endsleigh Gardens. This was not a very profitable arrangement. As he himself knew and admitted, he was not a good lecturer, for he spoke very quickly and was difficult to follow. Further, he had now very limited access to patients suffering from tropical diseases, and was unable to fill his beds with the type of case in which he was interested. However, this disappointment merely diverted his energy into other channels. He had always felt great interest in the epidemiology of certain tropical diseases, and in particular in the relationship between climatic conditions and the occurrence of epidemics. His appointment to the India Office gave him ready access to the wealth of statistical material stored there, and he was quick to take advantage of this. In the library he discovered a large volume of Indian Meteorological Memoirs containing data concerning 2000 stations in India, and also an Atlas of Indian Meteorology in which was a series of maps illustrating the monthly average rainfalls, temperatures, humidities, direction of the winds, etc. In his own department, there were records of notifiable diseases, no doubt inaccurate in detail, but reliable in their main outline. He proceeded to compile vast tables and charts correlating the two, from which he was able to draw conclusions regarding both endemic and epidemic diseases. He found, for example, that in terms of the degree of incidence, tuberculosis (in the form of phthisis) and leprosy had a very different geographical distribution, leprosy being at a maximum in localities where there was a high rainfall, whereas phthisis was most common in areas where there was high absolute humidity produced by humid monsoon winds. His most interesting observations, however, relate to the major epidemic diseases. Plague is at a minimum when the temperature is over 80 °F and the air is dry, conditions which are unfavourable to the survival of the rat flea when its host dies, so that the chances of infection being con veyed from diseased rat to man are reduced. Data over a period of 25 years confirmed this relationship, and showed that an intelligent study of meteoro logical conditions could give warning of the approach of a danger period. He found that the incidence of smallpox was closely related to a low absolute humidity of the atmosphere, and his charts clearly showed that the major epidemics of smallpox which have been recorded occur in the early months of a year following large deficiencies of the monsoon rains of the previous July to October period. He confirmed this by getting from the Indian Meteorological Department monthly absolute humidity figures for each of the eight provinces from 1875 to 1923, and was able to show that in the epidemic areas of North West and Central India, monsoon absolute humidities con siderably below the normal average were nearly always followed by high smallpox incidence. His most detailed investigations were, however, into the incidence of cholera, which has a permanent home in Assam, Bengal and much of Madras, from which focal points many epidemics and the great pandemics have radiated. His detailed charts brought out remarkable differ ences in the seasonal incidence of cholera in the different provinces, but this could be linked up with differences in the absolute humidities, the critical figure being an absolute humidity of below 0*400. The greatest cholera epidemics on record occurred in the years 1818, 1875, 1892 and 1900, and all were in years of famine resulting from seasonal failures of the previous monsoon and winter rains. In figures covering a period of 45 years which he compiled, some 41 outbreaks of cholera followed markedly deficient rains in the affected areas, the exception being a year in which the disease was spread by 3 000 000 pilgrims returning to their homes from the great Allahabad pilgrimage. The explanation he gave of this relationship was simple. Failure of the rains led to grave shortages in the water supply of some villages, bringing about famine conditions. To deal with this situation the inhabitants of these villages were collected into camps where sanitary arrangements were liable to be defective, and the chances of infection were greatly increased. When the crisis was over, and the peasants returned to their villages, a series of foci of infection were created. Similar conditions arose during the great religious fairs. To drive home these facts Rogers com piled records from 57 annual sanitary reports of each province of India, and from these prepared charts giving a graphic view of the cholera incidence, all of which were correlated and published as a monograph of the Indian Journal of Medical Research. He also made and broadcast annually his fore cast of the epidemic risks of the ensuing year. His object in repeatedly publicizing his views on the epidemiological outlook was to stimulate the authorities concerned to take all possible precautions, such as enforcing prophylactic inoculation, to nip in the bud any outbreak which might occur. There can be little doubt that his influence, and the interest he stimulated, are in part at least responsible for the absence of epidemics in recent years.
The part which Rogers played in founding the British Empire Leprosy Relief Association has already been mentioned. This, and the Calcutta School of Tropical Medicine, are two great and permanent monuments to his memory.
Irritated by the activities and blatantly inaccurate propaganda of the antivivisectionists, he took an increasing interest in the Research Defence Society, becoming honorary treasurer and during the war years acting for the honorary secretary, absent on service. Among many papers which he wrote on this subject was a pamphlet entitled 'Are antivivisection societies good charities?' Professor A. V. Hill, F.R.S., then Chairman of Council of the Research Defence Society, and also Member of Parliament for Cambridge University, following up this idea, put down a question to the Chancellor of the Exchequer to ask why antivivisection societies were regarded as charities when one of their chief activities was the obstruction of prophylactic 280 Biographical Memoirs immunization against diphtheria, typhoid fever and tetanus. On the advice of the Chancellor the question was withdrawn and the matter referred to the Inland Revenue Department, who took legal action and obtained a ruling from the High Court, sustained by the Appeal Court and the House of Lords, that the antivivisection societies could not be regarded as charities. They were therefore compelled to pay tax on their very considerable incomes.
Behind the scenes in all this affair Rogers played the leading part, and to him its ultimate success is largely due. As already mentioned, he spent much time in his years of retirement writing or preparing subsequent editions of his various books, and in this and other ways kept himself actively employed until a few weeks before his death.
Personal characteristics
Rogers was slim, wiry and exceedingly active. In India as a young man he frequently covered long distances on foot and by bicycle, as for example during his investigation of the epidemic of kala-azar in Assam, and in his old age he still walked with a rapid and purposeful step that belied his years. He was a tireless worker. In his undergraduate days he spent from 12 to 14 hours daily on his studies, and in later life maintained a comparable standard. At all times and in all its aspects his work was his first consideration, and indeed, apart from his family, he had few other interests. His days were planned and passed according to a set pattern in which a minimum of time was devoted to recreation, and that apparently somewhat reluctantly, for he writes: 'I had an engagement one afternoon to play tennis at the European Hospital, but took advantage of a shower of rain to work in the wards instead.' He took few holidays, and on more than one occasion overworked himself to such an extent that sick-leave became compulsory, though after a brief period of recuperation this too was devoted to study. He had great singleness of purpose, and pursued every subject in which he interested himself to its logical conclusion, or at least to what at the time appeared to be so. In argument he was a tenacious and on occasion an irate opponent. He was impatient of obstruction, and not infrequently was at loggerheads with his administrative superiors when they opposed his ideas or failed to take action as fast as he would have liked. Like all dynamic personalities he had his enemies, but he also had life-long friends. He was abstemious in his habits. Like his father, he held strong religious convictions and was a regular church-goer. An unexpected facet of his characterone rare in a scientist-was a remarkable flair for finance. He was well versed in the intricacies of the stock market, and from time to time made some very profitable investments. The money thus acquired was not, how ever, spent in any form of self-indulgence, and much of it was given away as bequests to be used for furthering research in tropical medicine. His marriage was a very happy one. He was deeply devoted to his wife and to his three sons in whose successful careers he took great pride. It can truly be said of him that, whatever he found to do, he did it with all his might, and found enjoyment in it. His own appreciation of this fact finds expression in the title he chose for his autobiography Happy toil.
I have to thank Dr Gordon Leonard Rogers, Professor Claude Ambrose Rogers, F.R.S., and Dr Stephen Clifford Rogers for letting me have certain details and information concerning their father's later years. The photograph is reproduced by courtesy of the Editor of the British Medical Journal, and is an excellent likeness of Leonard Rogers as his old friends remember him.
J . S. K. Boyd
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